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EFFECT OF HOUSEHOLD PROCESSING 
AND STORAGE ON QUALITY OF 
PICKLED VEGETABLES AND FRUITS 


J. P. Sweeney, N. E. Liming,! A. Beloian,? andjE. H. Dawson, Human Nutrition Research Division, Agricultural 
Research Service 


SUMMARY 


An investigation of various pickled products 
was made to determine household processing 
requirements for safety from spoilage due to 
micro-organisms (bacteriological safety) and for 
maintaining high quality of the food. (The term 
‘processing,’ as used in this report, refers to 
heating in water bath or with steam under pres- 
sure, to destroy food-spoilage organisms.) The 
effects of processing and storage time on quality 
of the pickled products were also investigated. 
Included in this study were fermented dilled 
cucumbers, sauerkraut, fresh-pack dilled cucum- 
bers, crosscut cucumber slices, sweet gherkins, 
dilled green beans, corn relish, horseradish, 
pepper-onion relish, piccalilli, tomato-apple chut- 
ney, tomato-pear chutney, pickled peaches, and 
pickled pears. 

When the pickled products were treated by the 
methods used in this investigation, the lethality 
values (total equivalent minutes at 160° F.) 
exceeded, in all cases, those considered necessary 
for bacteriological safety of the products. The 
pH values of all pickled products studied were 
below 4.6, the minimum that permits growth of 
Clostridium botulinum spores and the production 
of toxin. More than 90 percent of the acid in 
fermented (brined) dilled cucumber pickles was 
lactic acid, indicating nearly complete fermenta- 
tion. Acid values of fermented and fresh-pack 
dilled cucumbers and crosscut cucumber slices 
ranged from about 0.7 to 1 percent. A 0.7-percent 
acid concentration is considered sufficient for 
preservation. Sweet gherkins, horseradish, and 
pepper-onion relish were relatively high in acid, 
ranging from 0.8 to 2.8 percent. 


Values for pH and acid changed very little as 
the result of processing or storage of the pickled 
products. 

A salt brine of about 3 to 6 percent sodium 
chloride for fermented dilled cucumbers aided in 
the rapid formation of a high amount of acid 
and a low pH. The salt content of the pickled 
products was about the same as that of the brine. 
There were only slight changes in salt content as 
the result of processing or storage. 

A high soluble solids content is of value because 
of its preservative action and its influence on 
flavor. Soluble solids content of fermented dill 
pickles ranged from 7.1 to 7.9 percent. Values 
for fermented and fresh-pack dilled cucumbers 
and dilled green beans decreased slightly with 
storage. Crosscut cucumber slices, sweet gher- 
kins, pickled peaches, pickled pears, and tomato- 
apple chutney all had soluble solids values ranging 
from 30 to 45 percent. The values were not 
ereatly influenced by processing or storage time. 

After storage for periods up to 6 months, proc- 
essed fermented dill pickles were superior in 
color and texture to the unprocessed pickles. 
Color and texture of the other pickled products 
did not appear to be greatly influenced by proc- 
essing. Processed pickles were generally superior 
in flavor to unprocessed pickles during the first 
6 months of storage. Destruction of peroxidase 
activity by heat was, no doubt, a factor in 
the superior flavor of the processed pickles. 
After 9 months of storage, there was little flavor 
difference between processed and unprocessed 


pickles. 


PURPOSE OF THE INVESTIGATION 


The investigation reported here was made to 
determine whether pasteurization requirements 
and procedures used by commercial pickle proces- 


sors could be adapted to home conditions, and 
whether the use of those procedures would result 
in a bacteriologically safe product without harm 


1 Present address: Eastern Utilization Research and Development Division, Agricultural Research Service, 


U.S. Dept. of Agriculture, Washington, D.C., 20250. 


2 Present address: Pesticides Regulation Division, Agricultural Research Service, U.S. Dept. of Agriculture, 


Beltsville, Md., 20705. 
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to quality. Since other factors such as pH (19),? 
acidity (4), salt content (9, 16), and sugar content 
(3) all significantly affect the safety, palatability, 
and keeping quality of pickled products, these 
factors were also investigated. 

Review of pamphlets from the U.S. Department 
of Agriculture and the Agricultural Extension 
Services indicates considerable variation in pickling 
procedures recommended for home use, particu- 
larly in regard to processing (5, 20, 21, 22). The 
procedures used are important because of their 
effect on the palatability and maintenance of 
quality of the pickled products and because of the 
possibility of spoilage resulting from improper 
processing. 


SCOPE OF 


Work was carried out on four general classes of 
pickled vegetables and fruits: Fermented or brined 
pickles, fresh-pack pickles, relishes, and fruit 
pickles. Fermented pickles were dilled cucumbers 
and sauerkraut. The fresh-pack pickles were 
dilled cucumber slices, sweet gherkin cucumbers, 
and dilled green beans. Relishes were corn, 
horseradish, pepper-onion, piccalilli, tomato- 
apple chutney, and tomato-pear chutney. Fruit 
pickles were peach and pear. 

Processed and unprocessed samples of most of 
these pickled products were compared before and 


Etchells and Jones (9) demonstrated that un- 
fermented, partially fermented, and fully fer- 
mented pickle products should be preserved by 
pasteurization to prevent further growth of 
organisms or action of fermentation byproducts 
that might cause softening during storage. 
Esselen and others (7) reported on temperature 
necessary to prevent spoilage and development of 
off-flavors due to enzymatic activity in commercial 
packs of fresh whole dill and fresh-pack pickles. 
Townsend and others (19) studied pH levels 
necessary to prevent the growth of Clostridium 
botulinum spores and the production of toxin. 
Esselen (6) observed that peroxidase might be 
responsible for off-flavors developed during stor- 
age. 


THE WORK 


after storage for 2 to 9 months at room tempera- 
ture. 

Heat penetration during processing was deter- 
mined, and lethality values were calculated. 
Other determinations made on most of the 
products investigated were: pH, acid, salt, peroxi- 
dase, shear force, reflected color, soluble solids, 
and palatability evaluations of texture, flavor, 
and appearance. In some cases, plate counts 


were made to detect the presence of yeasts and 
molds. 


EXPERIMENTAL PROCEDURES 


Purchase of Samples 


The cucumbers used in the investigation during 
the 1961 season were obtained from a local market 
and from the Experimental Farms of the Uni- 
versity of Maryland. In 1962, the cucumbers 
were obtained from the Horticulture Depart- 
ment, University of Maryland. All other prod- 
ucts were purchased from local markets. 


Formulas and Preparation Procedures 


Formulas and procedures for preparing the 
various pickled products were as described in 
Home and Garden Bulletin No. 92 (22). The 
number of replications of the determinations, such 
as acid, salt, pH, ranged from 1 to 8, as shown in 
table 1. The number of evaluations of quality 
made by a trained panel are also shown in table 1. 


Fermentation 


For each lot of fermented dilled cucumbers, 
20 pounds of washed cucumbers, 4 to 6 inches in 


3Italic numbers in parentheses refer to Literature 
Cited, p. 20. 
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length, were placed in a 6-gallon crock and covered 
with brine containing 5.2 percent salt and 0.3 
percent acetic acid. Whole pickling spices and 
fresh dill plant were added. Fermentations were 
carried out either at controlled temperature (72° 
to 75° F.) or at room temperature (72° to 90° F.) 
for 3 to 5 weeks. During fermentation, the brine 
was analyzed three times each week for pH, 
acidity, and salt content. Determinations were 
made on both brine and pickles after fermentation 
was complete. 

For the fermentation of sauerkraut, the cabbage 
was shredded and then mixed with about 2.4 
percent salt. The mixture was packed into a jar, 
covered, and allowed to ferment at room tempera- 
ture (68° to 72° F.) until fermentation was 
complete in 5 to 6 weeks. The progress of 
fermentation was followed by determining acid 
and salt content of both brine and solids three 
times a week. Peroxidase activity was also 
investigated. 


Heat Penetration Measurements 


Heat penetration during processing was meas- 
ured with copper constantan thermocouples at- 
tached to a 16-point potentiometer, recording at 
2-second intervals. The thermocouples were 


placed at different points inside the filled jars, to 
determine the slowest heating and fastest cooling 
zones. Lethality rates were calculated as pro- 
posed by Esselen and others (8), assuming a Z 
value of 18 for the spoilage organism. 

The results of studies by Esselen and others (8) 
were adapted to home-processing conditions by 
converting the recorded time-temperatures to 
equivalent minutes at 160° F. Factors considered 
in arriving at optimum processing time were: 
Fastest and slowest heating rates; fastest and 
slowest cooling rates; avoidance of overprocessing 
(as too much heat and too long processing can 
result in a cooked flavor and soft texture); and 
allowance for the additional lethality provided by 
slow cooling of glass jars. The total lethality 
(total equivalent minutes at 160° F.) was cal- 
culated by a summation procedure described by 
Patashnik (1/4) and Esselen (8). 


Storage 


Processed and unprocessed pickles in sealed 
glass jars were stored at 72° to 75° F. from 2 to 9 
months. 


Titratable Acids 


Samples of the solids were prepared by blending 
100 grams of the product with 300 milliliters (ml.) 
of water for 3 minutes in a Waring Blendor.* 
Brines were diluted with water before analysis. 
Aliquots were then titrated with 0.1 N sodium hy- 
droxide, with phenolphthalein being used as an in- 
dicator. Acid values were calculated as acetic 
acid except those for the fermented products— 
dilled cucumbers and sauerkraut—which were cal- 
culated as lactic acid. 


Salt Content 


Salts were determined on aliquots of the above- 
mentioned samples; the mercuric nitrate procedure 
of Schales and Schales (16) as modified by Schon- 
herz (17) was used. 


pH Measurements 


A Beckman Model G pH meter was used to 
determine the pH on aliquots of the above- 
mentioned samples. 


Lactic Acid Content 


The method of Stark and others (18) was used 
for chromatographic separation of lactic acid, and 


4 Trade names are used in this publication solely for pro- 
viding specific information. Mention of a trade name 
does not constitute a guarantee or warranty of the product 
by the U.S. Department of Agriculture or an endorsement 
by the Department over other products not mentioned. 


the procedure of Barker and Summerson (/) for 
colorimetric determination. 


Soluble Solids 


Soluble solids were determined with a Bausch & 
Lomb Abbe-3L Refractometer (2). 


Reflected Color 


Gardner Color-Difference Meter readings (10) 
were taken; the Z scale was used. (Z expresses 
visual lightness; az, redness or greenness; and 6,, 
yellowness or blueness.) Five readings were taken, 
and the samples were turned 72° between readings. 
The color standards used were as follows: 


Product L Gy bz 
Fermented and fresh-pack cu- 


cumber pickles__________-_- 50.0 —25. 7 +7. 3 
Dilled green beans_________-_- 29. 1 —.5 +4147 
Worn relishes eee ee 71.0 —.5 +47.6 
Pickled peaches_____-_--_---- 51.8 —3.4 +30.5 
Pickled pears___.----_------- 78.2 —-1.7 +82.6 


Shear Force 


Texture was measured on an L-E-EK Kramer 
Shear Press (12), equipped with a standard cell. 
A 1,000-pound proving ring was used for pickled 
peaches and pears; a 3,000-pound ring, for all 
other products. 

A 100-gram sample was used. Fermented 
dilled cucumbers, fresh-pack dilled cucumbers, 
sweet gherkin cucumbers, and pickled pears were 
cut into %-inch crosswise slices, and placed flat in 
the cell. Measurements were made before pick- 
ling, before and after processing, and after storage 
periods. 


Peroxidase 


The guaiacol procedure of Joslyn (11) was used 
to detect peroxidase activity. Five grams of 
chopped pickle was mixed with 5 ml. of water, 1 
ml. of 1.0 percent guaiacol, and 1 ml. of 0.5 percent 
hydrogen peroxide. A brown discoloration after 5 
minutes was considered a positive test for per- 
oxidase. 


Palatability Evaluation 


Products were evaluated for appearance, texture, 
and flavor by panels of from 14 to 19 persons. A 
5-point scale was used for each quality charac- 
teristic; a score of 5 was considered optimum. 
(See p. 4 for total number of panel ratings on 
each pickled product.) 
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RESULTS AND DISCUSSION 


Fermentation 


Dilled Cucumbers 


At the end of a 3-week fermentation period, the 
cucumbers showed white spots, an indication of 
incomplete curing. However, after the fermented 
cucumbers were stored in sealed glass jars, whether 
processed or unprocessed, the white spots were not 
present. Cucumbers fermented for 5 weeks had 
no white spots before processing. 

In table 2 are shown comparisons of pH, acid, 
and salt content of brine of cucumbers fermented 
at room temperature (72° to 90° F.) and at 
controlled temperature (72° to 75° F.).. Cucum- 
bers fermented at room temperature accumulated 
acid more rapidly, indicating faster fermentation, 
than did those fermented at controlled temperature. 
The peak of brine acidity was reached after 3 weeks 
of fermentation at controlled temperature and 
after 2 weeks at room temperature. Salt content 
and pH did not seem to be influenced greatly by 
temperature of fermentation. 

Peroxidase activity was present to a maximum 
degree at the completion of fermentation, but 
little or no peroxidase activity was detected in the 


processed pickles, even after several months of 
storage. 

Bacteriological plates showed counts, predom- 
inantly of yeasts, up to 400 per ml. in unprocessed 
dilled cucumbers and none in processed dills. No 
changes in pH were detected during 3 months of 
storage of processed pickles that would afford 
conditions for microbial growth of food-poisoning 
organisms. 


Sauerkraut 


The acid content of both brine and solids in 
sauerkraut, calculated as lactic acid, ranged from 
about 0.9 percent to 1 percent during the first 
5 weeks of fermentation (table 3). In the interval 
between 5 and 6 weeks, the acid content increased 
to about 1.4 percent for both brine and solids. 
The U.S. standards for commercial sauerkraut 
specify an acid content of not less than 1 percent; 
therefore, the fermentation was considered com- 
plete at this time. The pH and salt values de- 
creased slightly as the fermentation progressed. 
Peroxidase activity was quite strong in the raw 
cabbage, but had decreased considerably at the 
end of the fermentation period. 


TABLE 2.—Changes in acid and salt content and pH of brine of dilled cucumbers, fermented at controlled 
and room temperatures 





Acid ! 
Fermentation period (days) 
Controlled 2 
Percent 

Qe Stems es eee ee es esac 0. 32 
Sie es ao ee eee ee mee . 18 
CSS ae eee oes . 36 
See ae Re BA hee hn Se ee . 64 
UC) Eh eer eS ack Sl IS = et ek ae . 59 
AL Se ae ee = aN A Bi hi . 73 
ha ss ene mene aR Ree ee ONTO St args) 
De a ee eee ee ene em ees De . 75 
2) eee Sa fae enn ee eee ee . 82 
2] betes ee SR a a NS na eo . 84 


1 Calculated as lactic acid. 
2 Controlled temperature range, 72° to 75° F. 
3 Room temperature range, 72° to 90° F. 


Room 3 


Percent 





pH Salt 

Controlled? | Room? | Controlled? } Room 3 

Percent Percent 
0. 26 3. 02 3223 25 5. 00 
. 26 3. 65 4.15 3. 30 2. 95 
BGY/ 3. 39 By Gall 2. 90 2. 90 
. 78 By PAL 3. 50 2. 80 2. 85 
. 84 BROT: By 1g/ 2. 80 2. 80 
. 87 3. 29 SZ 2. 90 2. 95 
. 89 2.91 3. 13 2. 90 2. 90 
. 89 3. 19 3. 12 2. 95 2. 95 
. 87 34 Ales 3. 18 2. 90 2. 95 
. 84 3. 32 3. 28 2. 90 2. 95 





TABLE 3.—Changes in acid and salt content and pH of sauerkraut during fermentation 

















Acid ! pH Salt 
Fermentation period (days) 

Brine Solids Brine Solids Brine Solids 

Percent Percent Percent Percent 
Qe te SB pu Ea Se ee ee enero OU OZiAl ere ih A ears SUA avai munca nis OW Ne nana eo ER Gs 
(Bees Ep ES SES ae ee 2G) His | teers eee illo OPA SEI sian Lua PALS TIN lec eet hres Hs 
Wo poss SSR Ee oe ee i a ee 9 5a] eee en BS OP lee Pees eee erst i wy ane Re [eh cas eee 
Be Sea eS a a Nee ee 397 0. 88 3. 82 3. 89 Dee, 2.0 
Ts cop coed es ae el a Ae he alten ee Rr Peas tial aaa alg re ae || OAae e e  U 
2, () pe areratin amenreer eee yg ynibay sees mre tes . 91 1. 00 3. 85 SEL Loan the eget Boal Seka ae Cade es 
PO a ce TS Ss os a a A a 2) TE a | A yk pO | Ree | tO Pe 2. 0 1.9 
Deo aS SSeS US EI se eee a ee Pera 1. 00 93 3. 89 3. 91 Px il ee, 
BHD) as a cay I I a a le 1. 10 1. 00 3. 74 3. 88 2.0 114.7 
Bn eS SE ee ee a ee mae cae . 98 1. 07 Sy 7/8} PHA aul | eat te Sree anes | mince al 
BB cee S RO Ses eS a Ee ee a ee ot aN i em ALG Gat | eye Nee oe | Pa De Ce em (TRA der 2A ili abe eeeae 
BBE, case cb e e  e SOY hen Ess Ca CID Seg (eT ad oe apenas | epi i memeN|| ace Ha 
ED = 6 Sao ES SSE LS ee era ie eo are em 1. 41 1. 39 3. 63 3. 68 2.0 12) 
OD). 05 BBE SES aE ee 1. 43 1. 43 3. 63 EGO Oil ese pcan Meenas TE yx BV Seal eae 








1 Calculated as lactic acid. 


Heat Penetration and Lethality Values 


In table 4 are given lethality values for the 
processed pickled products. Total equivalent 
minutes at 160° F. were calculated according to 
the method of Esselen and others (8), assuming a 
Z value of 18, where Z is the slope of the thermal 
destruction time curve of the spoilage organism. 
Temperatures were recorded during both heating 
and cooling periods, and percentages of equivalent 
minutes at 160° F. during each of these periods 
were calculated. 

Etchells and Jones (9) have specified bringing 
the temperature of the product to 165° F. and 
holding at that temperature for 15 minutes before 
cooling quickly to 100° F. Esselen (6) has in- 
dicated that a holding time equivalent in lethality 
to 36 minutes at 160° F. in a pasteurization tank 
is necessary to provide a heat treatment adequate 
to prevent spoilage and objectionable enzyme 
activity. Pasteurization times for quart jars of 
whole fresh-pack pickles under these conditions 
were reported to be 40 minutes at 180° F., 35 
minutes at 185° F., and 30 minutes at 195° F. 

After processing, the products were allowed to 
return to room temperature without forced cool- 
ing. The temperatures during the cooling period 
were responsible for a large portion of the calcu- 
lated lethality values. 

The calculated lethality values for the total 
equivalent minutes at 160° F. for the various 
pickled products varied greatly. Sweet gherkins 
processed 5 minutes at 212° F. had a calculated 
value of 239. Dilled green beans and tomato- 
apple chutney, also processed 5 minutes at 212° 
F., had values of 2,127 and 2,002, respectively. 
Rate of heat penetration into the food was a 
factor in the differences in calculated lethality 
values. 

As would be expected, high lethality values 
were also obtained for corn relish processed 15 











minutes at 212° F., and for pickled pears processed 
20 minutes at 212° F. These values greatly ex- 
ceed those required for bacteriological safety. 
However, the heat treatment aids in the thermal 
destruction of various enzyme systems (7, 13)° 
that are responsible for loss of flavor and nutritive 
value of the pickled products. 


pH Values 


Determinations of pH were made on the pickle 
solids and brines before storage and after storage 
for periods up to 9 months (table 5). Townsend 
and others (19) have reported a pH of 4.6 to be the 
maximum permissible for products that relied on 
acidification for inhibition of the growth of Clos- 
tridium botulinum. Pickle products, when prop- 
erly prepared, have a pH too low for the production 
of toxin by Clostridium botulinum. However, it is 
possible for contaminating micro-organisms to 
grow and utilize the acid as a source of energy, 
thus lowering the initial acidity so that botulinum 
spores, if present, could produce toxin. Adequate 
water-bath processing would destroy these contam- 
inating micro-organisms, and would inactivate en- 
zymes responsible for changes in texture, flavor, 
and odor during storage. 

Binsted and others (4), however, have pointed 
out that the pH of a pickled product is influenced 
by acids other than acetic—such as lactic, citric, 
and malic—and that these acids may have little 
effect on the keeping quality of pickles. Binsted 
states also that since the dissociation constant of 
acetic acid is relatively small, there is often no 
difference between the pH of pickles with widely 
varying acetic acid content. 


5 Labbee, M. D. THE RELATIONSHIP OF PEROXIDASE 
AND CATALASE ACTIVITY TO THE DEVELOPMENT OF OFF- 
FLAVOR AND COLOR IN PROCESSED PICKLES. (Thesis, 
Ph. D., Univ. of Mass., Amherst) 1952. 
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TaBLE 5.—pH of pickled vegetables and fruits 





pH before pH after storage for— 


Product processing 0 days to 2 to 3 


1 week months 


6 months | 9 months 


Fermented products: 
Dilled cucumbers: 
Processed: 


Unprocessed: 
VET SY) OC LSS ST AS er gn a ee SiH Opa my eey Me aT 
VEY: POET gS pg A rage Oo 
Sauerkraut: 
Processed: 
VET OVALS ps a a a Se ee | Pe See ea Sey yee NUS eg ea A be Seale ae 
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Fresh-pack pickles: 
Dilled cucumbers: 
Processed: 
1) SOC oo cetemanbemasea es osee tse t eee eee es| Sacer ardesa| base 3. 89 3. 88 3. 82 
ogo Tine wee eee ee ae eae ee DAO) eee eee 3.79 Sere S73 
Crosscut cucumber slices: 
Processed: 
In solids See mPa eer tes meres Tay OE BRN YE: svete 3. 86 3. 86 
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Sweet gherkin cucumbers: 
Processed: 
Ibn) SONG CSS SSS Se ae SS ee Cre eee Sen [Ope el pe en lL) Re Rano 


Unprocessed: 
HUET It cl pe pes le slag I I a i | ye Dy aa rs Re 3. 52 
Tray YeoueaSh  aa N a p 3: 
Dilled green beans: 
Processed: 
US SOT Si I ete) PL 3. 
HIRT Tyla Cees ere paces a Saree Aye opel LOT LI Mi 3. 55 
Unprocessed: 
18d, BOING = BSC a sae BESS SS erase all HER ple ae EA ey age pn 


Ww 
for) 
goo 9998 
bo 
wo 


D> 
co 


Relishes: 
Corn: 
Processed: 
BUSTA S OT Gl s Eee aye el eran ee Se ee Se mere racine 3. 95 3. 96 3. 92 BBE yo etter ge 
Horseradish: 
Unprocessed: 
ER SOUT hs a a ae a ee eae NS BS Ds sai MR i tarde ea Mat eS SS eI 
Pepper-onion: 
Unprocessed: 
ES: SCO IS a ge en al ee a Se Ne a 3. 64 ps clo Papi ieee es wpe es Us ea ead eal 
Piccalilli: 
Processed: 
Tay, OVC SS ca SO I a ED aN or mae 3. 62 3. 71 3. 69 3. 71 
Unprocessed: 
iin SOIC Se eee eee ee a Ee 1 eae ea SOUT lavas We eI 3. 76 3. 75 3. 77 
Tomato-apple chutney: 
Processed: 
VES OMS a a a care a gg NY EO Ps Tr fe fan se Arce eo ate coe aN ee ge A 
Tomato-pear chutney: 
Unprocessed: 
VM, OUTS Ss as eee a em er BES Gaul ert Woah 0 | Cats restore eae A ek ae 
Fruit pickles: 
Peaches: 
Processed: 


Uncen aN aaa (MCN TEA NEN MIRR ING cin y LIN Tada tie fe dy cao “aaeaeln leh Norwdip’ 
Tal Sra ATG eyes nee MT Pee EUR tI Oy Pd 3. 84 
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Unprocessed: 
IMS Oldsmar te cme ere is eet oe STO On| see 
VOg, [SRO ys a tc OS eg 3. 19 3. 44 


on 
oo 





Since pH alone is not a reliable diagnostic 
factor of keeping quality, determinations were 
made of both pH and acidity values. 

As shown in table 5, the pH values were below 
4.6 for all pickled products. Processing had little 
effect on pH of fermented dilled cucumbers, 
crosscut cucumber slices, fresh-pack dilled cucum- 
bers, and pickled pears. The brines, likewise, 
showed little change in pH as the result of 
processing. 

The pH values of fermented dilled cucumbers, 
crosscut cucumber slices, fresh-pack dilled cucum- 
bers, and pickled pears changed very little with 
storage. The pH of both the solids and brine of 
sweet gherkins decreased slightly between 2 to 3 
months and 6 months of storage. There was also 
a slight decrease in the pH of processed dilled green 
beans with storage periods up to6 months. Other 
products investigated changed very little in pH 
with storage. Processing appeared to have little 
effect on changes in pH with storage. 


Acid Content 


The acetic acid in vinegar is essential in presery- 
ing and flavoring pickles (15). <A 0.7-percent 
concentration of acid is usually considered suffi- 
cient for preservation (15). Except for fresh-pack 
dilled cucumbers and pickled pears, which were 
approximately 0.7 percent in acidity, all products 
investigated had mean values well in excess of that 
required (table 6). High acid values were ob- 
tained for horseradish, 2.8 percent, and pepper- 
onion relish, about 2.2 percent (table 6). Acid 
values for piccalilli, corn relish, and dilled green 
beans were also relatively high. 

Determinations made on fermented dilled cu- 
cumbers showed that more than 90 percent of the 
acidity could be accounted for by lactic acid. 
Consequently, acid values of the fermented 
products—dill pickles and sauerkraut—were cal- 
culated as lactic acid. All other values were 
expressed as acetic acid. 

There were slight decreases in acidity of 
processed fermented dills after 2 to 3 months of 
storage (table 6). The acidity of the unprocessed 
pickles was about the same as that of the processed. 
The brine of the unprocessed product was slightly 
higher in acidity than was that of the processed 
pickles. 

Fresh-pack dills showed little change in acidity 
with storage or processing. There were slight 
decreases in acidity of crosscut cucumber slices 
between 2 to 3 months and 6 months of storage. 
Sweet gherkins were relatively high in acid, about 
1.2 percent, and the acidity did not appear to be 
affected by processing or by storage time. The 
acid content of the brine was slightly higher than 
that of the pickle solids. Unprocessed pickled 
pears changed only slightly in acidity with storage. 
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Salt Content 


Work by Etchells and Jones (9) and by Pederson 
(15) has demonstrated that use of a low salt brine, 
about 3 to 5 percent sodium chloride for fer- 
mented dills, aided in the rapid formation of a 
high amount of acid and a low pH, whereas the 
use of higher salt brines, 10 percent sodium chloride 
and above, produced a slower rate of acid forma- 
tion, together with increasing rates of gas evolu- 
tion and resultant bloater spoilage. Consequently, 
in the work reported here, a brine of approxi- 
mately 5 percent sodium chloride was used for 
the fermented dills. For sauerkraut, the amount 
of salt used was about 2.4 percent by weight. 

There were slight decreases in salt content of 
fermented and fresh-pack dills with storage 
(table 7). The unprocessed fermented dills were 
slightly higher in salt content than were the 
processed pickles. The salt content of the brine 
was about the same as that of the pickles. The 
salt content of unprocessed dilled green beans 
was somewhat higher than that of the processed. 
For most of the other products investigated, there 
were only slight changes in salt content with 
processing or storage. 


Soluble Solids 


Sugar is used in nearly all pickles. It is of value, 
not only for its influence on flavor, but also be- 
cause of its preservative action. Bell and Etchells 
(3) have proposed the following formula relating 
the amount of acid required for preservation of 
the pickled product to the amount of sugar present: 
4_80-8 

~ 20 
the product, and S=percentage of sugar. In 
work reported here, soluble solids were determined 
by refractometer; it was assumed that the soluble 
solids were chiefly sugars. 

Fermented dill pickles ranged from 7.1 to 8.1 
percent soluble solids (table 8). Processing of the 
pickles had little effect on soluble solids content. 
Values decreased somewhat with storage in fer- 
mented and fresh-pack dills and in dilled green 
beans. Crosscut cucumber slices, sweet gherkins, 
pickled peaches, pickled pears, tomato-apple chut- 
ney and tomato-pear chutney all had soluble solids 
values ranging from about 27 to 45 percent. The 
values did not appear to be influenced greatly by 
processing or by storage time. 

Soluble solids contents of the brines or sirups 
were similar to those of the solids of the pickled 
products. Processing or storage time had little 
effect on amounts present. 


, where A=percentage of acetic acid in 


Texture 


Shear force readings and panel texture scores 
indicated that processing of fermented dill pickles 


Tas LE 6.—Acid content of pickled vegetables and frurts 


Product 


Fermented products: ! 
Dilled cucumbers: 
Processed: 


TORY, OVE CHS Si at Ye Ea Ae 2S CE CA nm Ua eT 


Unprocessed: 


BUSTA SOT lS pera ee a ae a a pas ay a a 


Sauerkraut: 
Processed: 


Fresh-pack pickles: ? 
Dilled cucumbers: 
Processed: 


Crosscut cucumber slices: 
Processed: 


VEEY, OPT CMe a Ss eee a 


Sweet gherkin cucumbers: 
Processed: 


Unprocessed: 


VES SONU Sh SG a ee eee Sa eR ean Oe 


Dilled green beans: 
Processed: 


TEV HONE SS ae Ea OE ESS ee Dok Dee | JP 


Unprocessed: 


Miya, SOV CHS es es I ee pee aa ee a tes rg | eed ne | a 
Livan: Toy er Ve eg pres er ee eRe a 


See footnotes at end of table. 


Acid 


content 


betore 


plocessing 


Percent 


ee ee 


a 
5 


0 days to 2to 3 


Acid content after storage for— 








6 months | 9 months 


1 week months 

Percent Percent Percent Percent 
0. 94 0. 88 0. 88 0. 84 
. 91 . 84 . 82 . 82 
fa oe SL 89 91 . 90 
fe and Se Nee ay 88 88 . 89 
ADM | hire eT tei Pa pices eat SY SN dea 
1 eet li bees ae eve (AT oe eer ee | oe 
DU EA || a eae en | Can ie Satine (Ch ne 
The AD ta Re ae ce ely sed SA rcl lg My Aes 
Ee ere 70 sade, . 69 
i eas eee 68 . 69 . 69 
85 . 97 87 . 91 
90 1. 00 94 98 
80 1.19 122 1. 29 
Para e bial ety 125 1. 41 1. 41 
By aah aiasee 1. 20 Ne Gyi| Mo ade alee oe 
oe spent ORGS 1. 28 bead oh eee ee 
1. 52 UPA Ti eras Pi aN eee el eee 
1. 40 UDR D Gr lies te x LN ENE (aM tana 
1. 36 1h AS [Bee eee 
2. 26 LAAN Ye ie Sia |e ae SOO 
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TaBLE 6.—Aevd content of pickled vegetables and fruits—Continued 


Product 


Relishes: 2 
Corn: 
Processed: 


ny SOlidS eas eee ee ee Aen a eee 


Horseradish: 
Unprocessed: 


BTS O]TAS ys Ses eee eS ees Le A ea eee | Ce eee 


Pepper-onion: 
Unprocessed: 
In solids 
Piccalilli: 
Processed: 


MT SOLIS hy at tetera apt ne Re ener 


Unprocessed: 
In solids 
Tomato-apple chutney: 
Processed: 
In solids 
Tomato-pear chutney 
Unprocessed: 
In solids 
Fruit pickles: 2 
Peaches: 
Processed: 


Unprocessed: 
In solids 


Processed: 
In solids 
Unprocessed: 


In solids 
In brine 


1 Calculated as lactic acid. 
2 Calculated as acetic acid. 
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J Lh aG] 0) 3 ol een Panne oe a Rae a en ee CR 2 REE SER ee 


Acid 
content 
before 
processing 


Percent 
al 


Cotes 
w 
J] 


aetirs 
ow 
a 


Acid content after storage for— 


0 days to 
1 week 


2 to 3 6 months | 9 months 
months 


Percent 
1. 30 


Percent Percent Percent 
1. 24 L331 22 
2.18) |.22- 2-2 es See 
139 IR Sie I Ae/ 
1. 42 1. 40 15 3333 
1:06!) |. 2.2 4202 ae 
1.10 |.22 22 eee 
1, 12) 222-2. eee 
1,22 |2 223 eee 

16 | is 2 eee 
. 84. |_. 2225 fot See 
72 Pe 7(l 77 
84 . 84 85 


TaBLe 7.—Salt content of pickled vegetables and fruits 





Product 


Fermented products: 
Dilled cucumbers: 
Processed: 

In solids 


Unprocessed: 
In solids 


Sauerkraut: 
Processed: 
In solids 
Fresh-pack pickles: 
Dilled cucumbers: 
Processed: 





Crosscut cucumber slices: 
Processed: 


Sweet gherkin cucumbers: 
Processed: 


Unprocessed: 
In solids 
TT bo Ys ee Barats sR ede MS ARR Sah cas AE ee aes a 
Dilled green beans: 
Processed: 
In solids 


Unprocessed: 
In solids 


Relishes: 
Corn: 
Processed: 
In solids 
Horseradish: 
Unprocessed: 
In solids 
Piccealilli: 
Processed: 
In solids 
Unprocessed: 
(Gah GSO) Uo Fey a GL el en 
Tomato-apple chutney: 
Processed: 
In solids 
Tomato-pear chutney: 
Unprocessed: 
In solids 





Salt 
content 
before 
processing 


Percent 








Salt content after storage for— 


0 days to 
1 week 


Percent 


3. 20 
3. 28 


ES 








2 to 3 
months months 
Percent Percent 
3. 13 3. 10 
3.13 3. 10 
3. 25 3. 25 
B22, ales 
3. 16 3.13 
3. 39 3. 12 
1.05 1. 10 
lee 2 1. 32 
1, 21 . 90 
e382 1. 05 
1.15 . 93 
1, 22 i 1) 
2201) eeepc kien 
DAO ioe a eee 
2. 56 4. 70 
2.78 4.95 
. 64 63 
3. 60 3. 30 
2.95 3. 05 


months 


Percent 
2. 97 
2. 96 





aided in the maintenance of good texture (tables 9 
and 10). <A high shear force reading indicated a 
firm texture. However, optimum shear force 
varied, depending on the product being investi- 
gated. In general, the shear force reading corre- 


sponding to a panel texture score of 5 would be 


considered near optimum for that product. 


After 


storage periods up to 9 months, the texture of the 
processed fermented dill pickles was considerably 
firmer than that of the unprocessed product. 
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TaBLE 8.—Soluble solids in pickled vegetables and fruits 





Gorubias salads Soluble solids after storage for— 


before 
processing |0 daystol1) 2to3 6 months | 9 months 
week months 








Product 


Fermented products: 
Dilled cucumbers: 


Processed: Percent Percent Percent 
7.9 
2 


> 


Unprocessed: 
nS OMS 2s eae ee ae eee eee 7. 8 


eH 
j=} 
lon 
3 
les 
oO 
' 
1 
' 
' 
' 
' 
! 
' 
1 
' 
' 
' 
' 
' 
fl 
' 
' 
1 
! 
1 
' 
' 
! 
' 
' 
' 
1 
' 
1 
' 
1 
' 
' 
' 
' 
' 
1 
' 
> 
for) 
1 
' 
' 
' 
' 
' 
1 
' 
' 
' 
& 00 
lord a 
Stale ears 
Noe BN 
ORNS SaaS 
ODP Nr 


Sauerkraut: 
Processed: 


Unprocessed: 
InfsohdsS=2 222 oe— sae a ee ee ene eee ee eee eee Eee 10. 6 


Fresh-pack pickles: 
Dilled cucumbers: 
Processed: 
InsolidS#242.522e-- seo" Jed e ne lee fe ose ee el Le |e eee 
Hf oY) 0) iy ol = agp aye seman ee remo ee een oe BE 10. 8 
Crosseut cucumber slices: 
Processed: 
ATE SO]VGS esr ae eee ee ee ee ee ee ee pH ae | eee eee 32. 
1 8 Gti) 0) ie (= ete he eae ee see a Se A eee ee ke 40. 0 
Sweet gherkin cucumbers: 
Processed: 
In solids 


' 

' 

1 

! 

1! 

' 

1 

' 

! 

' 

le) 
ns 
NS 
“109 
J 
— 


w 
Ss 
on 
w 
er 
oo 
oo 
oo 
i) 


Unprocessed: 
EMTs SOL CS eee ee a ne ee eee eee 31.0 
1B gl 0) 0s ayant i ie gp trap, Sea Fa Eye IED Ei, Suny a A024 Sane ane 35. 
Dilled green beans: 
Processed: 
In solids 
Ho 0 os 6 = lp nae gp nO Sd ae oo ase | [Ro MC 9 Pee 
Unprocessed: 
NDST5 SS OLE S Boe ae Rae arene ae |) eee ee | 
ch 6) wb c= epee Bee we en ts are ee hel, Se 9. 6 
Relishes: 
Corn: 
Processed: 
UMKSOLIGS ee — See eee a eee eee ee Pf 
Pepper-onion: 
Unprocessed: 
In solids 
Piccalilli: 
Processed: 
IntsolidS.=2sc=22 22 2 eee See ee ee saa e eee eee | pee eee ee 25. 5 
Unprocessed: 
LTS O11 S ee a eee Se ee ae ee 28.6) |e ee 27. 8 28.9 27. 2 
Tomato-apple chutney: 
Processed: 
Ty SOLAS ee re ee en ae a a en | eee 33. 1 |l2scccns-2|2222. oe eee 
Tomato-pear chutney: 
Unprocessed: 
ANTS OL CSS Sees ee ee ee ane en ae | ee 38.0) |2 secu Jee sul st 2esse eee 
Fruit pickles: 
Peaches: 
Processed: 
In solids 
ARTY¢ DIM GS ew en a te | | |e ee 
Unprocessed: 
Im s0lidS 22 Sie ee Saree See eee ee eee DieOi esa. Bee 32.4 | 222.22 eee 
UNUDLINe == Se 2 ek I Se ee ale ee eee oe ADD) Nae eran ah rel 30.5 -|s2-6 22-342 ee 


' 

' 

' 

' 

' 

' 

i] 

' 

i] 

! 

(SX) 

at Ns 

Pe OF 

wo 

NSS 

ASS 











Unprocessed: 


Hal -t0) blo kc} gee ee ee a ee ee ae aS Se 33.54 [bose eoeeee 44,9 48. 
Gal 018 0: yeep een tr ne ore ME cree, 58. 1 41. 
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TABLE 9,—Shear values of pickled vegetables and fruits 





Shear values after storage for— 
Shear values 


Product before 
processing | 0 days to 2 to 3 6 months | 9 months 
1 week months 
Fermented products: 

Dilled cucumbers: Lbs. force Lbs. force | Lbs. force | Lbs. force | Lbs. force 
TPROOSSE OC bs SAS eis at he a ee 385 308 350 349 
Wn TO CESSCO Maen eee eee he Nr Ses eS oe AD, Oe RE ee 382 311 285 

Sauerkraut: 

ITO CESSE Gee eee eta ete ce ee eel Fe ote al ges meee es a TED eit ye Saab at care Ge ie 
[Wir KO CES Se cl Beare eee ee a en ee ae eee eee it eS CAPA ayes eee Fa ee an | ey ee ee [ge eee ee 
Fresh-pack pickles: 

Dilled cucumbers: 

IZ ROCESSE Clem meen etna ate einen ap ae ue It LR 2 Se AO Ts. Pyeee eee 392 409 361 

Crosscut cucumber slices: 

TEAR OYTO TS i es a eh ep a ASH a eae ie ieee 315 370 350 

Sweet gherkin cucumbers: 

TAROCCHIOC | dat see SSO RS eos i aS ae a eee | er ea ip | eae 376 400 390 
Wnprocessedaass hse se ee ave Ree a ee SOA Ed elie 374 OGAN Seniesa ss 

Dilled green beans: 

TETROCSSTNEC ce I |e 536 5B Se ler es ay ae |e ee 
(Unprocessed eee eee ae ae oe ee Sew ee dL ee Ie |. eee eee 1, 360 VAD Ree eo 
Relishes: 

Corn: 

IPROCRIEC A a SSS SE Se ee a ee 228 207 192 LOH ey aa ee eS 
Fruit pickles: 

Peaches: 

TPROOSENAG ess a a he am a | a | AIG |Nado Jk SEIS | Hees RS Sp 
Winprocesscd ease meta ets SEER a Be ee AlAs) Baas Deb as ee Gif ese sei 

Pears: 

JTRS EC ba ps A ee lI || eR EC |e ge ete UG UC YR te er 
lUmprocessediess 2 We Skye ule SEE Ve owe eee ess (oe (a ee 134 130 125 
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TABLE 10.—Panel texture scores of pickled vegetables and fruits 





Mean score after storage for— 1 


Product 


0 days to) 2 to 3 |6 months/9 months} 0 days to 


1 week | months 


Fermented products: 
Dilled cucumbers: 
Processed a2 2S a ee 
Unprocessed 
Sauerkraut: 
IProcessed= sas. Sea ae aes. 
Unprocessed 
Fresh-pack pickles: 
Dilled cucumbers: 
IPrOCESSCG = = ae ee eee 
Crosscut cucumber slices: 
Processed 
Sweet gherkin cucumbers: 
(PTOCESSC Gea ea ee eel ee ee 
Unprocessed 
Dilled green beans: 
Processed 
Unprocessed 
Relishes: 
Corn: 
PTOCESSEC =a a ne ee ee ee ees 
Horseradish: 
Unprocessed 
Pepper-onion: 
Unprocessed 
Picealilli: 








Unprocessed 
Tomato-apple chutney: 

Processed 
Tomato-pear chutney: 

Unprocessed 

Fruit pickles: 

Peaches: 

PT OCESSC Case een ees |e 

Unprocessed 
Pears: 





Range in scores after storage for— 





2 to 3 
months 


6 months | 9 months 
1 week 


3. 2-4. 8 
4. 1-4. 8 


4,4-4.5 
3. 2-4. 8 


3. 5-4. 8 3. 8-4, 4 








1A score of 5 denotes very good; 4, good; 3, fair; 2, poor; 1, very poor. 


Shear force and panel texture values indicated 
little texture change in processed fresh-pack dills 
and crosscut cucumber slices during storage. 
Sweet gherkins, both processed and unprocessed, 
maintained their firm texture during storage. 

Shear force readings were higher for unprocessed 
dilled green beans than for the processed products, 
indicating a firmer, less tender product. Com- 
ments of the panel members indicated that the 
unprocessed dilled green beans were too firm in 
texture. 

Processing appeared to have little effect on the 
texture of piccalili. Processed corn relish, proc- 
essed and unprocessed piccalilli, and unprocessed 
pepper-onion relish changed very little in texture 
after storage periods varying from 2 to 9 months. 
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Color and Appearance 


A decrease in color-difference meter az,/bz; ratio 
values indicated a loss in green color during the 
period between 2 to 3 months and 9 months of 
storage for both processed and unprocessed fer- 
mented dill pickles (table 11). The processed 
pickles maintained their color better than did the 
unprocessed. This superiority was indicated by 
both color-difference meter readings (table 11) and 
panel scores for color and appearance (table 12). 
Panel scores, unlike color-difference meter read- 
ings, did not decrease with length of storage time 
of the pickles, probably because the olive-green 
color which develops with storage is accepted as 
the normal color of fermented dill pickles. 


Color-difference meter readings also decreased 
as the length of storage period increased for both 
fresh-pack dilled cucumber pickles and crosscut 
cucumber slices, indicating some loss of green 
color. Panel scores showed no significant changes 
that could be associated with length of storage 


time. The az,/b; ratio values of sweet gherkins 
were highest for the pickles stored 6 months. 
Processing had no significant effect on color of 
these pickles, as shown by color-difference meter 
readings and panel scores. 


TaBLE 11.—Color-difference meter values for pickled vegetables and fruits 





Product and color reading 





Fermented products: 
Dilled cucumbers: 
Processed: 


Wyre fra, SEMAINE SP he ph He a 


Unprocessed: 
Gpflon, WEIS Sa sens oe Bee eee Saeee 
Fresh-pack pickles: 
Dilled cucumbers: 
Processed: 


Color values 


processing 


Color values after storage for— 


before 
2 to 3 
months 


0 days to 6 months | 9 months 


1 week 


Green vegetables 





0. 244 0. 181 0. 150 


Be ater . 205 . 157 . 129 


(Ti fh Soy VEN EXO gp a | fe ee . 179 . 190 . 127 


Crosscut cucumber slices: 
Processed: 
Gaya fl Da SNCS ae a a ee Se 
Sweet gherkin cucumbers: 
Processed: 


ped oS) epee eae Ses . 204 . 163 . 139 


(Cay ffliyr SVEM NDS SS re I Ug I . 821 . 424 . 399 


Unprocessed: 
Cr ORV ALU CS aera ea ee ee eer eae et le 2 
Dilled green beans: 
Processed: 


COB fag SEN NOSIS ea ee ae . 403 SLA Ale teeta earn AR EU Gee ea 


Unprocessed: 


Gyo flO, WEDGE SS SSS SS Ie] a en ee . O91 200% Se eee aes 


Fermented products: 
Sauerkraut: 
Processed: 
Ly FONTS Be Se a a els 
hyp, THEY RUE) Re ae ONE Ne ee an aL ae EN 
Lem, CUR EUS) Ch cp a Pee OL 
Relishes: 
Corn: 
Processed: 


ORV DLE CS en ee een a eh Oe ee Sy Se 
Fruit pickles: 
Peaches: 
Processed: 


iio, SBS eae ket gS NU I ee A i Ree a RO 
OPV AW CS eee ee ae ieee in ee Cee Se 
Pears: 
Processed: 


Oe) SHEN SS ee Es de en ee 2 

Obie, NINDS es 5 ee ee Ea 9 se 
Unprocessed: 

Ly SDSS BEB Se aN a re hae ae 

Tho, TDN ONES ee a rg ge eae 

(Ore SUVS ES ee i eS ee ee 


1 Denotes ratio of green to yellow in sample. 
* Denotes lightness of sample. 
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3 Denotes greenness of sample. 
4 Denotes yellowness of sample. 
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TaBLE 12.—Panel color scores of pickled vegetables and fruits 





Mean score after storage for— ! 


Product 


Odaysto| 2to3 


1 week | months | months | months 


Fermented products: 
Dilled cucumbers: 
Processed 
Unprocessed 
Sauerkraut: 
Processed 
Unprocessed 
Fresh-pack pickles: 
Dilled cucumbers: 
Processed 
Crosscut cucumber slices: 
Processed 
Sweet gherkin cucumbers: 
Processed 
Unprocessed 
Dilled green beans: 
Processed 
Unprocessed 
Relishes: 
Corn: 
Processed 
Horseradish: 
Unprocessed 
Pepper-onion: 
Unprocessed 
Piccalilli: 
Processed 
Unprocessed 
Tomato-apple chutney: 
Processed 
Tomato-pear chutney: 
Unprocessed 
Fruit pickles: 
Peaches: 
Processed 
Unprocessed 
Pears: 


6 


Range in scores after storage for— 





9 0 days to 2 to 3 6 months | 9 months 
1 week months 

4.3 3. 8-5.0] 4.3-5.0] 4 1-5.0 3. 6-5. 0 

4.2] 2.5-40] 3.7-5.0] 3.5-48 3. 8-5. 0 

4:0=5).05| 2222 c-- |e ee es eee 

3.025:.0'|s= 222 5-0 |- 2a eee 
3hS4| = Sue eee 2.5-5.0 |] 3. 5-5.0 3. 2-4. 8 

45S) eee see os 4,6-5.0 | -4. 8-520 |= 222 See 

ASG g|2 ob Sse 8. 6-5.0 | 4 7-5.0 4. 5-4. 6 

iene oe | eee 4.5-5: 0 | 3. 8=45.8 |2 le eeeeae 
BO oa oe a|ceccecace lh BA0=4: 01 I 3he=4 45a came 
ees eee 4.6-5.0| 42-5.0] 45-48 /__-_-_.._. 

4,5-4..9 |oo 22s Li eae oS eee 

4: 3=4..8" | -'3:9=5)-0) |22. 222223 eee 

4.8) 40-45] 40-48] 45-47 4, 5-4.8 

4.7| 40-45] 4049 4, 2-4. 6 4, 5-4. 9 

4, 0-6: 0°] s2cesc2 22/2 2 eee 

4,.0-5. 0) | 2c oe ukse) | Se eee 

Pipe ae eearel (etme, ee ad beanie porta rs 3.2=5,.0"|L225 22S el eee 
Seat ae | ee ee | ee 4. 5-4. 6 |.2---5-2 2. 
3/6. |S5 seeees = 3.2-4.8 | 3.2-47 2. 5-4. 8 


1 A score of 5 denotes very good; 4, good; 3, fair; 2, poor; 1, very poor. 


Color-difference meter readings indicated a loss 
of green color in dilled green beans with storage. 
Panel color scores, however, showed no significant 
deterioration in color of the product with storage. 
Scores for the unprocessed product were somewhat 
lower than were those for the processed dilled 
green beans. 

Panel scores indicated only slight deterioration 
in color of processed corn relish stored for periods 
up to 9 months. Color-difference meter L and b;, 
readings also decreased slightly as the length of 
storage period increased, denoting some darkening 
and loss of yellow color with storage. Panel color 
scores for piccalilli indicated that the color of the 
product was not greatly affected by processing or 
length of storage time. 

Panel scores for appearance of processed pickled 
pears stored 2 to 3 months averaged 4.6, compared 
to 4.2 for the unprocessed pears stored for the 
same length of time. Gardner LZ scores (table 11) 
averaged 36.6 for the unprocessed pears before 
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storage, and 29.3 for the same product after 2 to 3 
months’ storage, denoting some darkening of the 
unprocessed pears with storage. The comparable 
LI value for the processed pears after the same 
storage period was 36.2, about the same as the 
value obtained on the pears before storage. 


Flavor 


Panel flavor scores (table 13) for processed 
fermented dilled cucumbers were slightly higher 
than for the unprocessed samples. Scores for 
processed dills were above 4, good flavor, at all 
storage periods, whereas scores for unprocessed 
fermented dills were below 4 after storage for 6 
months and after 9 months. These results indi- 
cate that processing aided in retaining desirable 
flavor in fermented dilled cucumbers. Flavor 
scores for sweet gherkins also were slightly higher 
for processed than for unprocessed pickles. 

Panel flavor scores were higher for fresh-pack 


dilled cucumbers stored 6 months than for the 
same product stored 9 months. In contrast, the 
flavor of crosscut cucumber slices and sweet gher- 
kin cucumbers did not appear to be adversely 
affected by storage periods up to 9 months. 

Panel flavor scores for processed green beans 
were similar before and after storage for 2 to 3 
months. Scores for the unprocessed green beans 
stored 2 to 3 months were considerably lower than 
for the processed samples. 

Flavor scores for processed corn relish stored 6 
months were about the same as those for corn 
relish before storage. The flavor of piccalilli, 


both processed and unprocessed, did not appear to 
be adversely affected by storage periods up to 9 
months. 

Panel scores suggested little change in flavor of 
unprocessed pickled pears in the storage interval 
between 2 to 3 months and 9 months. 

In general, the flavor scores for the processed 
pickles were higher than were those for the un- 
processed pickles. The inactivation by processing 
of enzymes responsible for development of off- 
flavor is no doubt a factor in the superior flavor of 
the processed pickles during storage. 


TaBLE 13.—Panel flavor scores of pickled vegetables and fruits 


Mean score after storage for— ! 


Product 


0 days to} 2 to 3 |6 months|9 months} 0 days to 


1 week | months 


Range in scores after storage for— 


2 to 3 
months 


6 months | 9 months 


1 week 


| | | | .§s |6SET | — | 


Fermented products: 
Dilled cucumbers: 
IPROCeSSCG Ete ee 
Unprocessed 
Sauerkraut: 
IBTOCESSEd ae ee ee 
Unprocessed __..--.------.- 
Fresh-pack pickles: 
Dilled cucumbers: 
FRTOCESSC ClMeiia Raw aeeetea yee cara aT | ee Ee NOE 
Crosscut cucumber slices: 
IBTOCESSC Claas tee yee PRI nS 
Sweet gherkin cucumbers: 
IBFOCESSCC Ses Mate Sa a as Ss 
Wnprocessedhia sae soe okt su (Eines! 
Dilled green beans: 
Processed ss eenee ee a 
Unprocessed 
Relishes: 
Corn: 
Processed) 2 22 Seale 
Horseradish: 
Unprocessed____....------- 
Pepper-onion: 
Unprocessed 
Piccalilli: 
Processed_._.......-.------ 
Unprocessed -___------------ 
Tomato-apple chutney: 
Processed__........-----.-- 
Tomato-pear chutney: 
Unprocessed 
Fruit pickles: 
Peaches: 
Processed 





1 A score of 5 denotes very good; 4, good; 3, fair; 2, poor; 1, very poor. 
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(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 
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